Background: The objective of this study was to study and compare the effects of intravenous dexmedetomidine and fentanyl on intraoperative hemodynamics, opioid consumption, and recovery characteristics in hypertensive patients. Methods: Fifty-seven hypertensive patients undergoing major surgery were randomized into two groups, Group D (dexmedetomidine, n = 29) and Group F (fentanyl, n = 28). The patients received 1 µg/kg of either dexmedetomidine or fentanyl, followed by 0.5 µg/kg/h infusion of the same drug, followed by a standard induction protocol. Heart rate (HR), mean arterial pressures (MAPs), end-tidal isoflurane concentration, and use of additional fentanyl and vasopressors were recorded throughout. Results: Both dexmedetomidine and fentanyl caused significant fall in HR and MAP after induction and dexmedetomidine significantly reduced the induction dose of thiopentone (P = 0.026). After laryngoscopy and intubation, patients in Group D experienced a fall in HR and a small rise in MAP (P = 0.094) while those in Group F showed significant rise in HR (P = 0.01) and MAP (P = 0.004). The requirement of isoflurane and fentanyl boluses was significantly less in Group D. The duration of postoperative analgesia was longer in Group D (P = 0.015) with significantly lower postoperative nausea and vomiting (PONV) (P < 0.001). Conclusion: Infusion of dexmedetomidine in hypertensive patients controlled the sympathetic stress response better than fentanyl and provided stable intraoperative hemodynamics. It reduced the dose of thiopentone, requirement of isoflurane and fentanyl boluses. The postoperative analgesia was prolonged, and incidence of PONV was less in patients who received dexmedetomidine.
INTRODUCTION
The perioperative management of hypertensive patients is always a challenge to anesthesiologists. The progressive ventricular hypertrophy, which is known to occur in hypertensive patients, leads to diastolic dysfunction. This diastolic dysfunction worsens whenever there is tachycardia in the perioperative period and may lead to myocardial infarction resulting in severe morbidity and even mortality. [1] In poorly controlled hypertensive patients, a more severe hemodynamic response to laryngoscopy and intubation can be observed when compared with well-controlled hypertensive patients. [2] A variety of pharmacological agents namely opioids, beta blockers, calcium channel blockers, combined alpha and beta blockers, lignocaine, and alpha-2 receptor agonists have been used to maintain stable hemodynamics in the perioperative period. Fentanyl is a popular choice for control of hemodynamics in the perioperative period. However, it is associated with side effects such as respiratory depression and increased incidence of postoperative nausea and vomiting (PONV). [3, 4] Dexmedetomidine, a highly selective alpha-2 agonist, has sympatholytic, antinociceptive, sedative, and anti-sialagogue properties without causing respiratory depression. [5] [6] [7] [8] Numerous studies have shown the benefit of dexmedetomidine in blunting the stress response to laryngoscopy and intubation. [9] [10] [11] [12] [13] [14] Literature is scarce regarding the role of dexmedetomidine in providing stable intraoperative hemodynamics in hypertensive patients. Hence, we designed this double-blinded randomized controlled trial to compare the effect of infusions of dexmedetomidine and fentanyl on intraoperative hemodynamics, recovery characteristics, and PONV in hypertensive patients.
METHODS
Ethical approval for this randomized double-blinded controlled study (SEC/2011/4/50) was given by the Institute Ethics Committee (Human Studies), in a statement dated February 2, 2012. The sample size was calculated based on a previous study in hypertensive patients by Uysal et al., at a significance level of 5%. [10] Fifty-seven hypertensive patients were enrolled for the study between March 2012 and January 2014 conducted in the operation theaters of a Tertiary Care Teaching Hospital. Hypertensive patients aged 18-70 years scheduled for major surgery were included in the study. The patients with uncontrolled hypertension (systolic blood pressure [BP] >160 mm Hg or diastolic BP >100 mm Hg), history of ischemic heart disease, cerebrovascular disease, impaired liver or renal functions, and suspected full stomach patients including pregnant patients were excluded from the study. Patients with anticipated difficult airway, laparoscopic procedures, and those with expected blood loss >25% of blood volume were also excluded from the study.
The patients were randomized into dexmedetomidine (Group D) and fentanyl (Group F) groups using a computer-generated randomization table. The patients, the attending anesthesiologist, and the primary investigator were blinded to the study drug allocated to patients. Sequentially numbered opaque sealed envelope technique was used for blinding the anesthesiologists attending to the patients [ Figure 1 ].
Anesthetic management
All the patients were premedicated with tablet famotidine 20 mg and tablet diazepam 5 mg on the night before and on the morning of the surgery. All anti-hypertensives except angiotensin-converting enzyme inhibitors and angiotensin receptor antagonists were continued in the preoperative period.
Induction
Standard monitors were attached, and baseline parameters such as heart rate (HR), BP, and oxygen (O 2 ) saturation were noted. Dexmedetomidine or fentanyl 100 µg was loaded in a 50 ml syringe and diluted with normal saline (concentration 2 µg/ml). The attending anesthesiologist was blinded to the study drug. Intravenous infusion of the study drug was started to deliver 1 µg/kg bolus over 10 min. Midway through the bolus infusion (after 5 min), fentanyl 1 µg/kg was given intravenously in both groups. After 7 min of starting the bolus infusion, patients were induced with intravenous thiopentone 2.5% titrated to loss of eyelash reflex. Vecuronium bromide 0.1 mg/kg was used for muscle relaxation. The patients were manually ventilated with nitrous oxide (N 2 O) and O 2 mixture (66% +33%) with isoflurane 1-1.3 minimum alveolar concentration (MAC). At the 10 th min, laryngoscopy and intubation were done using appropriate size endotracheal tube and the infusion rate of the study drug was changed to 0.5 µg/kg/h.
Maintenance
Anesthesia was maintained on controlled ventilation with N 2 O in O 2 mixture (66%:33%) with isoflurane between 0.7 and 2 MAC. If mean arterial pressure (MAP) dropped >20% from the baseline, isoflurane concentration was reduced up to 0.7 MAC for 3 min. If MAP failed to normalize, boluses of intravenous mephentermine 1.5 mg were used until MAP normalized to within 20% from the baseline. If HR or MAP increased by >20% of the baseline, isoflurane concentration was increased up to 2 MAC and intravenous fentanyl 10 µg boluses were given if MAP failed to normalize. A fall in the HR to <50/min was treated with atropine 0.3 mg intravenously. HR, MAP, and end-tidal isoflurane 
Recovery
Study drug infusion and isoflurane were stopped at the end of the surgery. Neuromuscular blockade was reversed with neostigmine 50 µg/kg and glycopyrrolate 10 µg/ kg. The time for eye opening on call or spontaneously was noted as the recovery time. On adequate reversal, patients were extubated and monitored in the PACU for 2 h. The time of the first request for analgesia and the occurrence of PONV were noted.
Statistical analysis
The analysis was carried out using SPSS 16 statistical software (SPSS 16.0 by IBM). Results on continuous measurements are presented on mean ± standard deviation (minimum-maximum) and results on categorical measurements are presented in number (%). Significance is assessed at 5% level of significance. The dependent variables were tested for normality. Student's t-test (two-tailed, dependent) was used to find the significance of study parameters on continuous scale with in each group and Leveneuo test has been performed to assess the homogeneity of variance. Repeated measures ANOVA have been used to find the significance of variation in HR and MAP within groups and between the groups. The Chi-square/Fisher exact test has been used to find the significance of study parameters on categorical scale between two or more groups.
RESULTS
Patient demographics such as age, sex, and body weight were comparable in both groups. The duration of surgery was also comparable in the two groups [ Table 1 ].
Heart rate
The baseline HR was comparable in both the groups (P = 0.386). At the end of the bolus infusion, HR decreased significantly in both Groups D and F (P < 0.001). After intubation, there was significant increase in HR in Group F (from 87.54 ± 16.70/min at baseline to 95.43 ± 15.87/min, P = 0.01) whereas HR was lower than the baseline in Group D (from 91.62 ± 18.52/min at baseline to 89.38 ± 15.46/min, P = 0.456). Overall, both dexmedetomidine and fentanyl reduced the HR significantly throughout the duration of surgery as compared to the baseline (intra-group analysis). However, the mean HR was comparable in Group D and Group F (inter-group analysis P > 0.05). At extubation, the mean HRs in both the groups were not raised significantly from the baseline (Group D 84.38 ± 20.34/min, P = 0.162; Group F 84.54 ± 15.64/min, P = 0.473) [ Figure 2 ].
Mean arterial pressure
The baseline MAP were comparable in both the groups (P = 0.841). There was significant reduction in MAP at the end of the bolus infusion in both the groups (P < 0.01, intra-group analysis). Significant increase in MAP was noted in Group F at laryngoscopy and intubation (from 101.82 ± 13.46 to 113.86 ± 18.69 
Induction dose of thiopentone
The induction dose of thiopentone was titrated to loss of eyelash reflex. The patients in Group D required significantly less amount of thiopentone as compared to Group F (206.03 ± 48.94 mg vs. 229.46 ± 23.62 mg; P = 0.026).
Intraoperative anesthetic requirement
Dexmedetomidine showed significantly better anesthetic sparing effects, with end-tidal concentrations of isoflurane were significantly less in Group D than in Group F [ Figure 4 ].
Intraoperative interventions
The patients in Group F received higher amount of fentanyl boluses compared to patients in Group D (P = 0.003). The patients in Group D required higher amount of mephentermine boluses for maintaining MAP (P = 0.039).
Recovery from anesthesia
The time for eye-opening and time for extubation were comparable in both groups. Postoperative pain relief was better in Group D compared to Group F, and time to request for first analgesic was longer in patients receiving dexmedetomidine [ Table 2 ].
Postoperative nausea and vomiting
Dexmedetomidine group had significantly reduced incidence of PONV (P < 0.001). Fourteen patients in Group F had postoperative nausea or vomiting compared to only one patient in Group D [ Table 2 ].
DISCUSSION
Hemodynamic stability is of paramount importance in the perioperative period, more so in hypertensive patients. [2, 15, 16] In the present study, we compared the dexmedetomidine-based anesthesia technique with the standard opioid (fentanyl)-based technique for hemodynamic stability, intraoperative anesthetic requirement, and recovery characteristics. With administration of the loading dose of dexmedetomidine, we found a reduced requirement of the induction dose of thiopentone, when compared to fentanyl administration. This is similar to studies performed earlier by various researchers. [9, 10, 17] The reduction in the dose of thiopentone (by about 30%) has been attributed to reduction in its volume of distribution and clearance in a study by Bührer et al. [18] In our study, we found a significant fall in HR and MAP after dexmedetomidine and fentanyl infusion. In a study by Uysal et al . that compared dexmedetomidine with esmolol and sufentanil in hypertensive patients, administration of dexmedetomidine before induction of anesthesia reduced the HR, systolic and diastolic BP. [10] In the present study, dexmedetomidine provided better hemodynamic stability during laryngoscopy and intubation. It successfully prevented the increases in HR and MAP as compared to fentanyl. Uysal et al. similarly found a reduced hemodynamic response to intubation with dexmedetomidine compared with esmolol and sufentanil. Previous studies by various investigators also showed reduced stress response to this stimulus by administration dexmedetomidine in healthy normotensive patients. [9, 11, 12] In the present study, the bolus dose of the study drug was followed by a maintenance dose until the end of the surgery. HR was maintained on the lower side in the dexmedetomidine and fentanyl groups. MAP then fell significantly in the both the groups 5 min after intubation. MAP was significantly lower in the dexmedetomidine group, and those patients received more mephentermine boluses than those who received fentanyl infusion.
Many previous studies, including that by Patel et al., found a significant decrease and less variability in the HRs of patients who received dexmedetomidine, and a low and stable systolic and diastolic BPs as well. However, Patel et al. had administered the maintenance dose of dexmedetomidine while the others administered a 1 µg/kg loading dose alone. [13] Lawrence and De Lange had also demonstrated lower perioperative serum catecholamine concentrations in the dexmedetomidine group.
The requirement of isoflurane was found to be significantly less in the patients who received dexmedetomidine than in those who received fentanyl. Thornton et al. studied evoked responses in healthy volunteers and found a reduced requirement of isoflurane concentrations in patients receiving dexmedetomidine. [19] This is similar to previous studies that also noted significantly lower requirements of isoflurane concentrations with the administration of dexmedetomidine. [9, 20, 21] In the present study, the mean opioid consumption was significantly higher in the fentanyl group than in the dexmedetomidine group. This finding of the opioid-sparing effect of dexmedetomidine corroborates with that in previous studies comparing the two drugs. [12, 22, 23] This property confers a distinct advantage to dexmedetomidine-based anesthesia as a host of side effects of opioids, such as nausea and vomiting, respiratory depression, pruritus, postoperative ileus, and urinary retention, can be minimized.
Extubation is challenging in hypertensive patients. Any sympathetic response during emergence from anesthesia can increase morbidity. In our study, by continuing a maintenance infusion of the drug throughout surgery, we achieved lower but comparable HRs at extubation in both the groups. However, the hypertensive response was significantly lower in the dexmedetomidine group compared to the baseline unlike that seen with fentanyl, indicating better control of BP compared to fentanyl.
The time to recovery from anesthesia and extubation after stopping the infusion, in our study, was found to be comparable. In the study by Patel et al., the test group received dexmedetomidine maintenance infusion of 0.2-0.8 µg/kg/h after the bolus dose, while the control group did not receive an infusion. The test group experienced greater sedation postoperatively compared to the control group. In our study, the fentanyl group continued to receive maintenance infusion of the test drug throughout the surgery, similar to the dexmedetomidine group. [13] Our study found that the duration of postoperative analgesia, as seen by the delayed request for first analgesic dose by the patients, was significantly prolonged in the dexmedetomidine group, indicating more satisfactory postoperative pain relief and comfort. Ohtani et al. used dexmedetomidine as 1 µg/kg/h infusion and found lower requirement of analgesic postoperatively, similar to the observation in our study. [24] Increased use of opioids and inhalational agents has been associated with higher incidence of PONV. [3, 4] By its opioid-sparing properties, dexmedetomidine can reduce the incidence of PONV. In our study, only one patient who received dexmedetomidine infusion had PONV as compared to 14 patients who received fentanyl infusion. Previous studies and a systematic review have also suggested a reduced incidence of PONV when dexmedetomidine was used as an adjunct to anesthesia. [22, 25] A limitation of our study was that only hemodynamic parameters and end-tidal concentration of isoflurane were used to monitor the depth of anesthesia. No electroencephalogram-based monitors were used.
CONCLUSION
In our study, dexmedetomidine, when compared to fentanyl, reduced the sympathetic response to laryngoscopy and intubation in hypertensive patients, maintained stable hemodynamics in the intraoperative period as well as during extubation. It reduced the requirement for isoflurane and intraoperative opioid consumption. The patients who received dexmedetomidine had lower incidence of PONV and comparatively prolonged postoperative analgesia. Thus, overall dexmedetomidine infusion was found to be better than fentanyl as an adjuvant to general anesthesia in hypertensive patients.
